xercise training has been shown to be beneficial in the treatment of patients with coronary disease and many other cardiovascular conditions (1, 2) . Current recommendations (3) for exercise training in coronary patients state that the intensity of training, as measured by the target heart rate, should be between 40% and 60% of the heart rate reserve or 65% to 85% of the maximal heart rate achieved on the pretraining symptom-limited exercise test. In the presence of exercise-induced ischemia, it is recommended that the heart rate during exercise training be at least 10 beats/min below the heart rate associated with an ST segment depression of 1 mm or greater. For patients with a relatively low ischemic threshold, this recommendation does not allow for a sufficient training stimulus, as demonstrated by Dressendorfer et al (4) . However, very little research has been published on the subject of exercise training above the ischemic threshold in coronary patients (4, 5) .
Some animal studies have suggested that cellular necrosis may result from repetitive ischemia (6) , while others have reported that brief repetitive ischemia episodes may be protective and result in a reduction of infarct size (7, 8) . Studies in coronary patients during coronary angioplasty have demonstrated a reduction in ST segment changes after repeated balloon inflations (9, 10) . This phenomenon in animal models and coronary patients is referred to as ischemic preconditioning.
The aim of the present study was to document the effects of a single session of exercise above the ischemic threshold on biochemical markers of myocardial injury in stable coronary patients with exerciseinduced ischemia. Because creatine kinase (CK) and its MB isoenzyme (CK-MB) can increase after exercise because of skeletal muscle injury, troponin T was also measured. Elevated plasma troponin T is the most sensitive and specific marker of myocardial damage (11) , and its levels increase rapidly after acute coronary syndromes but not after running a marathon (12) .
METHODS
The study population consisted of 21 men with documented coronary artery disease defined as coronary stenosis of 70% or more of the lumen diameter at coronary angiography; previously documented myocardial infarction; or a reversible perfusion defect on thallium or technetium-99 sestamibi scintigraphic exercise testing.
All patients demonstrated exercise-induced ST segment depression of 1 mm or greater during standard exercise testing using a ramp protocol (13) . Patients with myocardial infarction, unstable angina, coronary artery bypass graft surgery or percutaneous transluminal coronary angioplasty within the past three months, overt heart failure, history of hypertension with or without left ventricular hypertrophy on the resting electrocardiogram (ECG), serious arrhythmias or baseline ECG abnormalities that could interfere with the interpretation of the ST segment were excluded. Patients requiring digitalis were also excluded.
The ischemic threshold was defined as the heart rate at which a 1 mm horizontal or downsloping ST segment depression appeared on a baseline treadmill symptom-limited exercise test. Exercise testing was performed using a standard treadmill (Marquette Case 12; Marquette Electronics Inc, USA). Three ECG leads were continuously monitored and a complete ECG was recorded every 30 s to determine, as precisely as possible, the onset of ST segment depression (1 mm or greater). The ST segment was measured 0.08 s after the J point in three consecutive QRS complexes, with a flat baseline and R waves of equal amplitude.
Exercise sessions
Two 20 min exercise training sessions were scheduled at least 72 h apart. Both sessions were performed on the same treadmill used for the exercise test. The intensity of the first exercise training session was fixed at a heart rate below the ischemic threshold (ie, approximately 10 beats/min lower than the heart rate associated with the appearance of an ST segment depression of 1 mm).
The intensity of the second exercise session was fixed at a heart rate above the ischemic threshold (ie, at a heart rate associated with an ST segment depression of 1 mm or greater). The speed and grade of the treadmill were constantly adjusted to maintain the required exercise training heart rate and ST segment response at all times during both exercise training sessions. Patients were instructed to take all their medications, including antianginal agents, as usual on the days of the exercise test and exercise sessions.
Serum markers of myocardial injury
Blood samples for CK, CK-MB and troponin T were collected before, 6 h after and 24 h after each training session. CK and CK-MB levels were determined with reagents manufactured by Boehringer Mannheim (Germany) (normal lower than 195 U/L and 30 U/L, respectively). Troponin T was measured with an ELISA (Boehringer Mannheim) using polyclonal antibodies (normal lower than 0.1 ng/mL).
Statistics
Results are expressed as the mean ± SD for continuous variables and as frequency (percentage) for categorical variables. Exercise test parameters and biochemical markers were compared between the two exercise sessions using paired t tests. Data at baseline, 6 h after and 24 h after training were compared using repeated measures ANOVA. P≤0.05 was considered to be statistically significant.
RESULTS

Patient characteristics
Twenty-one men with documented coronary disease (58±9 years of age), were included in the study. Patient characteristics are shown in Table 1 . Although five patients reported Canadian Cardiovascular Society class 1 or 2 angina on exertion, no patient presented with angina during exercise testing or during the two exercise training sessions.
During the symptom-limited exercise test, the mean heart rate at the ischemic threshold was 115±14 beats/min and the systolic blood pressure was 176±20 mmHg ( Table 2) .
The mean heart rate during the exercise session below the ischemic threshold was 91±13 beats/min, corresponding to 65% of the mean maximal heart rate achieved during baseline symptom-limited exercise testing (Table 3 ). This heart rate was 24 beats/min lower than the heart rate at onset of ischemia. The mean level of ST segment depression was 0.5±0.2 mm. The total CK, CK-MB and troponin T did not increase after this exercise session at 6 h or at 24 h ( Table 4) .
The mean heart rate recorded during the exercise session above the ischemic threshold was 120±20 beats/min, corresponding to 85% of the maximal heart rate achieved during the baseline symptom-limited exercise test. This mean heart rate was 5 beats/min above the heart rate at the onset of ischemia. The mean level of ST segment depression during this exercise session was 1.4±0.5 mm and constant ECG monitoring confirmed that ST segment depression was 1 mm or greater at all times.
Blood test measurements at 6 h and 24 h after the exercise session above the ischemic threshold did not show any increase in total CK, CK-MB or troponin T. The troponin values were actually nearly identical between the exercise sessions below and above the ischemic threshold 6 h and 24 h after training. In fact, the value of all measure- 
DISCUSSION
In the present group of stable coronary patients with exercise-induced myocardial ischemia, exercise training above the ischemic threshold for a duration of 20 min did not result in elevated levels of CK, CK-MB or troponin T. In addition, no single patient showed an increase in any of the three serum markers of myocardial necrosis. The two exercise sessions were constantly monitored to ensure that the intensity of both sessions were continuously below or above the ischemic threshold. During the exercise session above the ischemic threshold, the mean ST segment depression was 1.4±0.5 mm, with continuous ECG monitoring always showing an ST segment depression of 1 mm or greater. All subjects were patients with proven coronary disease and, given that all known causes of false-positive exercise tests were excluded, the probability of ST segment depression representing true ischemia in this patient group is very elevated.
Because troponin T is a highly sensitive and specific marker of myocardial necrosis, it may be concluded that this exercise session above the ischemic threshold did not provoke myocardial necrosis.
As previously mentioned, current guidelines for exercise training in coronary patients state that in the presence of exercise-induced ischemia, the heart rate during exercise training should be at least 10 beats/min below the heart rate associated with an ST segment depression of 1 mm or greater (3) . For patients with a relatively low heart rate at the onset of significant ST segment depression, this recommendation results in an insufficient training stimulus (ie, less than 40% to 60% of the heart rate reserve or less than 65% to 85% of the maximal heart rate achieved on the pretraining symptom-limited exercise test). Indeed, according to the results of one small study (4) in patients with exercise-induced ischemia, exercise training at the ischemic threshold provides a better training stimulus, and results in an improvement in aerobic capacity and lipid profile relative to training below the ischemic threshold. However, our study is the first to evaluate and demonstrate that a single training session above the ischemic threshold is safe and not associated with an elevation of serum markers of myocardial necrosis.
There are also theoretical benefits of exercise training above the ischemic threshold. As reviewed by Schwarz et al (14) , it has been demonstrated in experimental animal studies that repeated and brief periods of ischemia are protective, and result in a reduction of infarct size. Also, long-term exercise training in pigs after gradual occlusion of the circumflex artery has been shown to improve myocardial function and coronary collateral reserve during exercise (15) . Clinical studies in the catheterization laboratory in patients with significant coronary obstructions have shown less ST segment depression, less myocardial lactate production and less angina during the second balloon inflation, a phenomenon referred to as percutaneous transluminal angioplastyrelated ischemic preconditioning (9, 10) . Although left ventricular function abnormalities of short duration have been described after brief episodes of exercise-induced ischemia, no evidence of chronic dysfunction has been described in this context (16) .
Limitations
The present study has several limitations. First, only 21 men with coronary disease were included in the study, representing a small sample size. Second, the patient group was carefully selected and presented exercise-induced ischemia at an average heart rate of 115±14 beats/min and a normal left ventricular ejection fraction. Accordingly, the results cannot be generalized to all patients with coronary disease. Third, the ECGs during the exercise sessions in the present trial were continuously monitored to ensure that the intensity of exercise was respected at all times. This does not reflect the clinical practice of many cardiac rehabilitation programs. No significant ventricular arrhythmias were noted during the present study, but because the number of patients studied was limited, the potential for severe ischemia-induced arrhythmias during exercise above the ischemic threshold cannot be excluded.
CONCLUSION
In patients with stable coronary disease and exercise-induced ischemia, the measurements of CK, CK-MB and troponin T after a 20 min exercise session above the ischemic threshold do not show any increase. It can be concluded that a brief period of exercise above the ischemic threshold does not result in myocardial necrosis. The safety of chronic exercise training above the ischemic threshold will have to be demonstrated in larger studies before recommendations can be made for clinical practice.
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